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Abstract 

Over the last decade, there has been a respectable level of scientific interest regarding the concept 
of a 'warp drive'. This is a hypothetical propulsion device that could theoretically circumvent 
the traditional limitations of special relativity which restricts spacecraft to sub-light velocities. 
Any breakthrough in this field would revolutionize space exploration and open the doorway to 
interstellar travel. This article discusses a novel approach to generating the 'warp bubble' necessary 



in 



for such propulsion; the mathematical details of this theory are discussed in an article published in 
On 

the Journal of the British Interpanetary Society pQ . The theory is based on some of the exciting 

O 

predictions coming out of string theory and it is the aim of this article to introduce the warp drive 

q idea from a non-mathematical perspective that should be accessible to a wide range of readers. 

•i-H 
CO 

>. 

(N 
> 

in 

&\ 

o 
oo 
O 

> 

X 



'Electronic address: 



RichardJK_Obousy@baylor.edu 



I. WHY WARP DRIVE? 

The universe is truly vast, and current propulsion technology severely restricts us 
to the exploration of our own solar system. If we wanted to visit even the nearest star 
systems, we would be faced with transit times of many tens of thousands of years at best. A 
compelling reason for why we might actually want to visit other stars is the recent evidence 
of 'extrasolar planets,' which are planets that orbit stars other than our sun. To date, we 
know of at least 250 extrasolar planets. Even more exciting is the possibility that some of 
these planets may be 'Earth-like', with the theoretical capability to support life. 

This year, a Swiss team discovered a planet designated Gliese 581c; this planet orbits 
the star Gliese, 20.4 light years away from earth. The planet is remarkable in that it is the 
only known extrasolar planet so far that exists in the area known as the 'habitable zone' of a 
star (Fig.l). This is the area surrounding a star where surface temperatures could maintain 
water in a liquid state. Gliese 581c is believed to be roughly 5 times the mass of Earth, and 
to have a similar surface temperature to that of Earth. 
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FIG. 1: Gliese lies within the 'Habitable Zone' of its host star, meaning that liquid water could 
exist on its surface. 



Given these striking similarities, one naturally wonders if Gliese 581c might harbor 
life. Although it may be indirectly possible to verify the existence of life using observational 



techniques here on Earth, the depth of analysis would be particularly limited. On the other 
hand, we could obtain data of much more scientific value if we could actually visit these 
planets with probes, or even humans, to better understand the origin and development of 
life, and to see if it exists only in the form of elementary organisms or if indeed intelligence 
has evolved. The discovery of life outside of Earth would obviously be of huge scientific 
significance, and could quite possibly be remembered historically as the most significant 
scientific discovery of all time. The only way we could realistically visit these worlds in 
time-frames on the order of a human lifespan would be to develop what has been popularly 
termed a 'warp drive'. 

II. ORIGINS OF THE WARP DRIVE 

The term 'warp drive' originated in science fiction. A 1994 paper by theoretical physi- 
cist Miguel Alcubierre placed the concept on a more scientific foundation [2]. Alcubierre's 
paper demonstrated that a solution to Einstein's field equations could 'stretch' space in a 
way such that space itself would expand behind a hypothetical spacecraft, while contracting 
in front of the craft, creating the effect of motion (Fig. 2). In contrast to the conventional 
technology that results in movement of the craft through space, in this theory space itself 
moves around the spacecraft. This is a radical departure from the traditional concept of mo- 
tion, because the spacecraft is, in a classical sense, motionless within a hypothetical bubble 
of transient spacetime. 
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FIG. 2: The Alcubierre 'top-hat' metric. A bubble of assymetric spacetime curvature surrounds a 
spacecraft which would sit in the center of the bubble. 



What is particularly appealing about this approach to propulsion is that the spacecraft 
could, in theory, effectively travel faster than the speed of light. Special relativity forbids 
objects from moving through space at or above the speed of light, but the fabric of space 
itself is not restricted in any way. Thus, even though the spacecraft cannot travel faster 
than light in a local sense, it could make a round trip between two points in an arbitrarily 
short period of time as measured by an observer who remained at rest at the starting point. 

III. ELEMENTARY PHYSICS OF WARP DRIVES 

The warp drive concept is based on Einstein's General theory of relativity (GR), an 
accepted and extremely well-tested physical theory. One of the necessary components of 
a warp drive is an exotic form of energy called negative energy, which would have to be 
produced in copious amounts for propulsion of a spacecraft to occur (See Fig. 3). Negative 
energy is classically forbidden in general relativity; however, negative energy is allowed if we 
shift into the paradigm of quantum field theory. And actually, negative energy is not only 
allowed in this theory; it has been experimentally verified using the 'Casimir Effect '[3]. 
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FIG. 3: External to the conducting plates there is no restriction on the modes on the vacuum. On 
the interior only standing waves may form. This asymmetry in the field causes the plates to be 
pulled together by a force that is purely quantum in nature. 



The Casimir Effect is one of the most salient manifestations of the vacuum fluctuations 



in existence. Its simplest realization is found in the interaction between a pair of neutral, 
parallel conducting plates. The plates modify the ground state of the quantum vacuum in 
the volume between the plates, creating an attractive force between the plates. For a good 
review see [I]. 

The physical interpretation is that a negative energy state exists in the interior region 
of the plates. Theoretically, the Casimir Effect could be used to create the negative energy 
required for a warp drive. From this perspective, there is nothing that theoretically prevents 
the creation of warp drive. 

IV. NATURE AS TEACHER 

In essence, the warp bubble consists of a region of expanding spacetime, and a region 
of contracting spacetime. The first stage in developing a working warp drive necessarily 
involves learning how to generate this asymmetric bubble. 

As in all good engineering technologies, nature herself can provide a degree of insight. 
We are fortunate in that spacetime is already expanding, albeit at an extremely slow rate. 
In 1929, Hubble's observation of galactic redshifting cemented the paradigm of an expanding 
spacetime in physical cosmology (Fig. 4). 




FIG. 4: Seen from Earth most galaxies appear to be receeding from us. This provides us with 
evidence that the universe is expanding. 

The energy responsible for the current expansion of spacetime is generically termed 
the 'cosmological constant', or equivalently, the 'vacuum energy' (the terms will be used 
interchangeably in this article). On a local scale, space is expanding extremely slowly: 



around a billion billionth of a meter per second per meter. Clearly, to build a warp drive 
would require spacetime to be stimulated in some way to expand (and contract) at a much 
higher rate, but the fact that it is already expanding gives us a primitive roadmap to realizing 
the ambitions of warp drive. The first step to controlling a mechanism is to understand the 
mechanism; thus if we can understand why spacetime is already expanding, we may be able 
to use this knowledge to artificially generate an expansion (and contraction) of spacetime. 

V. ORIGINS OF THE COSMOLOGICAL CONSTANT 

Understanding the cosmological constant may play a crucial role in the development 
of warp drive, as it will help us to understand why space is expanding. However, the origin 
of the cosmological constant is still a mystery nearly a century after its introduction into 
cosmology [5]. Physicists are not certain what generates the cosmological constant; we 
simply know that it is there. Several ideas exist as to the nature of this field [6] [7j [8] [9] 
[TO] [TT] [12] [T3] . Dark energy, for example, is a popular contemporary phrase. Efforts have 
been made to explain the cosmological constant using quantum field theory (QFT), which 
was created several decades after Einstein's general relativity (GR). However, theoretical 
predictions using QFT are in such huge conflict with observations, being off by a factor of 
10 120 , that the prediction has been called "the worst prediction of theoretical physics." 

One (partial) fix to the vacuum energy calculations is the introduction of supersym- 
metry (SUSY). A full discussion of SUSY is beyond the scope of this article; however, the 
basic idea is that all known particles have an associated superparticle whose 'spin' differs 
by half a unit of spin. Thus, in SUSY all the integer spin particles (bosons) are balanced by 
half-integer spin particles (fermions) in the elementary particle content of the Universe. 

This idea is particularly appealing in that the existence of supersymmetric particles 
tames the embarrassing predictions of QFT with regards to the vacuum energy calculations. 
In our model analyze the contributions to the vacuum energy density that are purely higher 
dimensional in origin. 



VI. PHYSICS IN HIGHER DIMENSIONS 

The idea of extra dimensions is not a new one. It was first introduced by the physicist 
Theodore Kaluza in 1919, in an effort to unify the laws of gravitation and electromagnetism 
[Hj. Kaluza's main theory was to introduce a 5th dimension. Upon solving Einstein's 
equations (or more technically, varying the Einstein-Hilbert action), Kaluza was able to 
produce a set of equations which contained both the Einstein field equations and Maxwell's 
field equations. The question of where the extra dimension was located was addressed by 
Oskar Klein who, in 1926, suggested that the fifth dimension compactifies so as to have the 
geometry of a circle of extremely small radius [TB]. One way to envisage this spacetime 
is to imagine a hosepipe. From a long distance it looks like a one dimensional line but a 
closer inspection reveals that every point on the line is in fact a circle (Fig. 5). Although 
the theory did contain flaws, it was the first hint that extra-spatial dimensions may play an 
important role in physics. 




FIG. 5: An extra dimension remains hidden to us due to its size. 

More recently, extra dimensions have become an accepted part of modern theoretical 
physics. Superstring theory, or M-theory in its most modern guise, is a theory that attempts 
to unify all known physics under a single mathematical and conceptual framework, and pre- 
dicts the existence of extra spatial dimensions. Two other contemporary extra-dimensional 
models are the Randall-Sundrum (RS) [16] model of 'warped' extra dimensions, and the 
Arkani-Hamed-Dimopoulos-Dvali (ADD) [17] model of large extra dimensions. Both the- 
ories attempt to explain the observation that gravity is far weaker than the other known 
forces. One way to think about the ADD model is to picture gravity as being free to prop- 
agate in all dimensions (including the extra ones), while other forces are restricted to our 
familiar three spatial dimensions. Thus, gravity is, in a sense, diluted, which results in its 
being much weaker than the other forces. 



VII. MANIPULATING EXTRA DIMENSIONS TO CREATE A WARP DRIVE 

There are currently numerous models which attempt to explain the physical origin 
of the cosmo logical constant. One model suggests that the zero-point energy of graviton 
fluctuations in the extra dimensions of the ADD model may ultimately be responsible [18] . 
The zero point energy is precisely the energy that causes the plates in the Casimir effect to 
attract one another, as discussed earlier. This zero-point energy should also exist in higher 
dimensions. In this picture, it is the periodicity of the extra dimension that plays the exact 
same role as the parallel plates in the traditional Casimir effect. Just as the plates ensure 
that deconstructive interference destroys non-resonant frequencies of the quantum vacuum, 
so too does a circular extra dimension, which allows only frequencies that are resonant along 
its circumference. In this model it is the size of the extra dimension that directly regulates 
that magnitude of the cosmological constant, and therefore the expansion of spacetime. 

In a recent paper [lj, we addressed the plausibility of locally influencing the size of 
the extra dimension to locally (by local, we mean in the vicinity of a spacecraft) adjust the 
cosmological constant. This could theoretically create a modification of spacetime around 
a craft that could be tuned to acquire the characteristics of the Alcubierre bubble (see 
Figure 3). The basic idea is that by altering the radius of an extra dimension, it would 
be possible, in principle, to adjust the energy density of spacetime (which relates directly 
to the cosmological constant which ultimately controls the inflation/contraction of space 
itself). We have taken two approaches to this concept: one from the viewpoint of QFT 
another from GR. The equations of both theories indicated that the physics of the extra 
dimensional space effects the expansion rate of 'normal' space by a 'dimensional shearing' 
effect. The equations of GR demonstrated that shrinking the extra dimension would inflate 
our space [19], and that expanding the extra dimension would contract our space. In this 
way, a bubble of expanding/contracting spacetime could be created at the rear/front of a 
spacecraft (Fig. 6). 

Early calculations indicated that superluminal propulsion for a ship of volume 1000m 3 
could be achieved at an estimated energy cost of 10 45 J, or roughly the total mass-energy 
contained within the planet Jupiter after using the famous relation E = mc 2 . Although this 
number may appear enormous, it is certainly an improvement on earlier calculations, which 
indicated that the warp drive would require more mass-energy than is contained in the entire 
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FIG. 6: The Alcubierre metric (lower image) is an asymmetric distortion of spacetime. A hypothet- 
ical spacecraft sits inside the bubble while space is expanded behind the spacecraft and contracted 
in front. This effect is achieved by manipulating the extra dimensional radius as illustrated in top 
image. 

observable universe. QFT calculations revealed an upper bound on the velocity a warp 
drive might obtain, resulting from a minimum length for an extra dimension, the Planck 
length. If the extra dimension were shrunk to the Planck length, then our calculations 
reveal the limit on warp drive velocity to be 10 32 c (where c is the speed of light). This 
number is a theoretical bound, as our calculations regarding the energy required to reach 
this velocity indicate that significantly more mass-energy would be required than is available 
in the observable universe. 

One issue that needs to be addressed is the discrepancy between the predictions of 
GR regarding the expansion and contraction of spacetime and the predictions of QFT. In 
the limit of flat spacetime with zero cosmo logical constant, GR shows that the shear of 
a contracting extra dimension has the effect of expanding the remaining dimensions and 
similiarly an expanding extra dimension will contract the remaining dimensions. However, 
quantum field theoretic calculations show that a fixed compactification radius can also result 
in an expansion of the three- volume due to the Casimir effect. Although this issue clearly 
needs to be resolved, both theories suggest that the physics of the compactified space affect 



the non-compact space. 

VIII. FUTURE OUTLOOK 

A new approach to generating the warp bubble necessary for warp drive has been 
proposed; this warp bubble would theoretically allow a spacecraft to travel at arbitrarily 
high velocities. One vital aspect of future research in this area would involve studying 
how to locally manipulate an extra dimension. String theory suggests that dimensions are 
globally held compact by strings wrapping around them; if this is indeed the case, then 
it may be possible to locally increase or decrease the string tension, or even counter the 
effects of some string winding modes. This would achieve the desired effect of changing the 
size of the extra dimensions, which would theoretically lead to propulsion at greater than 
lightspeed. 

This approach, although highly theoretical at this stage, gives us a glimpse as to how 
one might address the problems associated with the vast distances involved in interstellar 
travel, and also opens up exciting new avenues for future research. 
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